Introduction
There has not been much good news concerning the abundance of wild salmon stocks in the North Atlantic during the last few decades. Stock development has been especially disappointing in the 1990s due to a combination of factors, such as sea temperature, diseases, and human activity, both in the spawning streams and through the strong growth of sea farming (NASCO 2004) . Norwegian rivers are the most important spawning rivers for the East Atlantic stock, and about 30% of the remaining stock spawns here. The wild salmon are harvested by commercial and recreational fisheries. The marine harvest is mainly commercial, whereas the harvest in the spawning rivers is recreational. As the wild stock began to decrease during the 1980s, the Norwegian government imposed gear restrictions to limit the commercial harvest. Drift net fishing was banned in 1989, and the fishing season of bend nets was restricted. At the same time, the fishing season in the spawning rivers was limited. However, despite all of these measures to rebuild the stock, the abundance of salmon seems to be only half the level experienced in the 1960s and 1970s. The same sad picture is observed other places (NASCO 2004) .
After drift net fishing was banned, catches by commercial fishermen and recreational anglers have been approximately equal (NOU 1999) . In this article, however, we focus on the recreational fishery, as it is more important from an economic perspective. The value of the marine harvest is more or less directly related to the meat value, whereas recreational fishermen typically pay for the right to fish, and the high willingness to pay implies that the payment per kilo of fish caught is several times the meat value (NOU 1999). Altogether, there remain about 500 streams with spawning Atlantic salmon in Norway, and sport fishing is an important recreational activity. In addition, the indirect economic effects from the river fishery are of great importance to many local communities (Fiske and Aas 2001) .
The aim of this article is to analyse how biological and economic factors affect harvest, stock growth, the economic benefit, and the distribution of economic benefits among anglers and landowners in a representative Norwegian salmon river. A bioeconomic biomass model is formulated where the demand for fishing is given in number of days, whereas the quality of the river, approximated by average catch per fishing day, shifts demand up. On the supply side, there are a fixed number of landowners, treated as a single agent, managing the fishery under the assumption of profit maximization. Two different management regimes are studied; price-taking and monopolistic behaviour. Under both these schemes, it is assumed that the management is myopic. There may be various reasons leading to myopic management; most important is the presence of insecure property rights due to the marine harvest (see below). These management schemes are then contrasted with an overall river management solution. The model is illustrated by using ecological data from the river Imsa located on the southwestern coast of Norway (Rogaland County).
There is a substantial literature on recreational fishing. 1 The present model essentially builds on the sequential harvesting model of Charles and Reed (1985) , but it is also related to Laukkanen (2001) who analyses the northern Baltic salmon fishery. We depart from Laukkanen's paper as we study the recreational river fishery in more detail, while keeping the marine fishery in the background. In addition, and in contrast to Laukkanen (2001) and Charles and Reed (1985) , the control variable in our analysis is fishing permits, not catch. Moreover, we differ from the traditional recreational fishing literature in that we explicitly consider the distribution of benefits between anglers and landowners (but see Anderson 1980b; Skonhoft and Logstein 2003) . The effects of gear regulations in the commercial and the recreational fisheries are also analysed.
The present model is closely related to Skonhoft and Logstein (2003) , but they analysed monopolistic management in biological equilibrium only. However, various management schemes do not influence only harvest and stock level, but also the dynamics. One typical difference between small and medium/large salmon rivers seems to be that the yearly stock and catch statistics fluctuate much more from year to year in the small ones (Statistics Norway 2006). Since small rivers typically are managed more in accordance with a price-taking than a monopolistic management scheme (Fiske and Aas 2001) , an unexplored question is if the different dynamic patterns may be an expected outcome due to different management regimes. Analysing fluctuations and dynamic patterns in a deterministic model means that we are interested in how steady state may be reached when facing an initial situation of overfishing or when certain factors (environmental or economic) have temporarily shocked the system out of equilibrium.
Although the application is for an Atlantic salmon recreational fishery, the model yields general results with policy relevance to other recreational fisheries in, say, Scandinavia and North America. For example, while Norwegian Atlantic salmon fisheries are predominated by private ownership, the state is also a large landowner in some rivers. On the contrary, while national or state authorities provide most fishing permits in the USA, exceptions where riparian right holders possess exclusive rights to fish also exist (see Murphy and Stephenson 1999) . Moreover, access and effort limitations, such as closed seasons and closed areas, are increasingly used in the USA in both fresh and saltwater recreational fisheries (Cox and Walters 2002, p. 117) . The variety of management regimes in recreational fishing typically ranges from the type characterised by strong rights to public access of fishing opportunities in New Zealand as opposed to the strong protection of private property rights in all freshwater fisheries in Scotland. However, in the recreational fishing literature, management regimes are typically adopted from the commercial fishing literature focusing on open-access and sole-owner schemes only.
The rest of the article is structured as follows. In the next section, we formulate the biological model and introduce harvesting. Then, the cost and benefit functions are formulated, and today's practice of myopic management is analysed based on price-taking and monopolistic landowners, respectively. Next, we study the overall river management solution. Finally, numerical analysis and results are presented before the article concludes with some policy recommendations.
Population Dynamics and Biological Equilibrium
Building on Charles and Reed (1985) , we consider a salmon sub-population whose size in biomass (or number of fish) at the beginning of the fishing season in year t is X t . Both a marine and a river fishery influence the population during the spawning migration from its offshore environment to the coast and its parent river ('the home river') where reproduction takes place. A fixed fraction, σ, of the adult stock is assumed to leave the offshore habitat each year (Mills 1989 ) (see figure 1) . The marine fishery first influences the stock, because marine harvest takes place in fjords and inlets before the salmon reaches its spawning river. For a marine harvest rate 0 ≤ h ≤ 1, hσX t fish are removed from the population. The escapement to the home river is accordingly (1 -h)σX t . The river fishery exploits this spawning population along the upstream migration. When the river harvesting fraction is 0 ≤ y t ≤ 1, the river escapement is (1 -y t )(1 -h)σX t . This spawning stock yields a subsequent recruitment R[(1 -y t )(1 -h)σX t ] to next year's stock. It is assumed that the stockrecruitment relationship, R (.) , is purely compensating so that R′ > 0 (more details below). 2 The fraction of the recruits that survive is s 2 . When a further (quite small) 2 As the juveniles usually spend several years in the river before they start their downstream migration and eventually join the offshore stock, the model represents a simplification of reality. This is due to the biomass approach, which could be made more realistic by a more detailed ecological model, including the age structure of the stock. Strictly speaking, therefore, each step in the time index, t, represents an average salmon generation life time (which varies between three and five years in different rivers) rather than one year. Laukkanen (2001) applies the same biomass approach.
proportion, s 1 , of the spawners survive to be part of the stock the next year, and a proportion, s 0 , of the nonspawners staying offshore similarly survives (see Mills 1989 and 2000 for details) , the population dynamics follows as:
Generally, when a single fish population is harvested sequentially by separate fisheries, as here, there will be conflicts between the different groups of harvesters because the size of h will influence the size of y t , but also vice versa through next year's fisheries. Hence, there will be reciprocal externalities present (see McKelvey 1997) . The present analysis is, however, restricted to studying the exploitation of the river fishery while taking the marine salmon fishery as given. The main reason for doing so is that we want to analyse the sport fishery thoroughly, as this is by far the most important part of the salmon fishery (see above). However, we do examine how the marine harvest affects the harvest and benefits of the recreational fishery by analysing shifts in the (exogenous) marine harvesting rate. These shifts may be interpreted as changing restrictions imposed on the marine fishery; e.g., changes in season length, size and type of nets, and so forth. Therefore, given the marine harvest rate, we focus on the river offtake Y t = y t (1 -h)σX t .
As discussed further in the next section, the market for the salmon recreational fishery is related to the number of daily fishing permits, D t , sold throughout the season (June-August). Accordingly, the number of fishing permits, or the number of fishing days spent in the river, represents the effort in the river fishery. We assume a harvesting function of the Schaefer type:
where q is the productivity ('catchability') coefficient related to the type of fishing Figure 1 . Harvest and Reproduction Scheme equipment (fly fishing, fishing lure, spinning bait, and so forth) 3 and with (1 -h)σX t as the stock available for sport fishing (see above). When combining the catch function (2) with the river offtake (Y t = y t (1 -h)σX t ), we find the harvesting fraction in the river simply as y t = qD t . Inserted into the population dynamic equation (1), the stock growth yields
This may also be written as X t+1 = F(X t , D t ), where ∂F/∂D t = F D < 0 holds. In addition, we find that 0 < F X < 1 under the present assumption of a pure compensatory stock-recruitment function (R′ > 0).
When X t = X t+1 = X and D t = D, the stock-effort equilibrium is written as:
Implicitly, this biological equilibrium condition defines the equilibrium stock as a function of the number of fishing days. Differentiation yields (1 -
Hence, more effort means a smaller stock. Therefore, the stock-effort equilibrium condition is negatively sloped in the X -D diagram, and, where D = 0, it produces the highest possible stock level, whereas X = 0 gives the highest number of fishing days incompatible with an equilibrium fishery (see figure 2) . We find that the biological equilibrium shifts inwards if the marine harvest rate, h, shifts up. This is in line with intuition, since in order to keep a given stock, X, a higher marine harvest rate must be accompanied by a reduced effort in the river. A higher catchability coefficient, q, shifts the biological equilibrium condition inwards for the same reason. That is, in order to keep a given stock size, increased catch efficiency must be accompanied by reduced effort.
Demand and Cost Functions
We now introduce a market for sport fishing in our representative spawning river. On the demand side, there is a large number of potential recreational anglers, while there is a fixed number of landowners along the river who are given the right (by the State) to sell fishing permits (NOU 1999). These landowners are treated as a single agent, as they in most instances join forces and establish a river owner association. The competition from landowners in other rivers may vary. Crucial factors are the distance, which may vary between some few kilometres to over hundred kilometres, transportation costs, and various river-specific attributes. In most instances, the market situation is probably something between price-taking and monopoly behaviour (Skonhoft and Logstein 2003) . However, we study both these market forms as stylized extremes. The price-taking case typically corresponds to the situation in fjords holding many salmon rivers competing for the same anglers, while the monopolistic case, on the other hand, corresponds to fjords with just one dominating river.
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As mentioned, the market for salmon recreational fishing is related to the number of daily fishing permits sold (see McConnell and Sutinen 1989; Anderson 1983 Anderson , 1993 and Lee 1996) . Fishing permits may be for one day, one week, or a whole sea- 3 The assumption of a fixed catchability coefficient has been subject to criticism. Arrenguin-Sanchez (1996) provides a review. A related issue is the linearity assumption in number of fishing days in the catch function, cf. the above Schaefer function. Among others, Anderson (1993) , Homans and Ruliffson (1999) , and Woodward and Griffin (2003) formulate recreational fishing models where this assumption is relaxed. However, the linearity assumption yields a simple, tractable relationship between the harvesting fraction and effort (main text below). 4 An example of this first case is the fjord Nordfjord on the western coast with the rivers Strynelva, Loenelva, Oldenelva, Gloppenelva, Gjengedalsvassdraget, Straumeelva, Hopeelva, and Eidselva. The fjord Altafjord with the river Alta in the far northern part of Norway is an example of the other case.
son. However, we collapse all these possibilities into one-day permits only, so that the market demand is directly expressed in number of day permits, D t , and is in a standard manner decreasing in permit price. The sport fishermen's notion of the river quality is assumed to influence demand as well. In line with McConnell and Sutinen (1979) , it is expressed as the average catch per day, and for a given number of fishing days, a higher catch per day shifts the demand function upwards.
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The inverse market demand for fishing licenses is given as:
where P t is the fishing permit price per day, and v t is the demand-induced catch per day. 6 In the present exposition, the demand is the residual after potential travel costs have been subtracted. We have v t = θQ t and, where catch per day (as a quality mea-
Figure 2. Economic and Biological Equilibria
Notes: X is stock size in number of salmon, D is fishing effort in number of fishing days. Superscript P denotes myopic price taking landowners, superscript M denotes myopic monopolistic landowners, and superscript * denotes overall management.
sure) from the catch function (2) is seen to be proportional to the river escapement,
The parameter θ > 0 indicates how catch per day translates into demand. Obviously, the quality effect will vary between rivers, and it may change over time. For these and others reasons, it is difficult to assess the strength of the quality effect, but on the whole, we may interpret θ as a parameter measuring how important the catch is compared to other factors influencing demand. 7 Hence, in addition to P D < 0, we have P v > 0.
When inserting catch per day into the inverse demand condition (4), the current profit of the landowner is:
where C(D t ) is the cost function, covering fixed as well as variable costs with C′(D t ) > 0 and C″(D t ) ≥ 0. Fixed costs include various types of costs associated with preparing the fishery (constructing tracks, fishing huts, and so forth), whereas variable costs include the costs of organizing the fishing permit sales together with enforcement. The planning horizon of the landowner is important. As there are many rivers and landowners, various planning horizons may be present. We will compare longterm planning in the case of an overall river manager with myopic landowners. This is not to say that all landowners are myopic. However, to cultivate this difference, we consider a myopic landowner only, meaning that the landowner (i.e., the landowner association), supplies fishing permits in the given river based on current economic and biological conditions. There may be various reasons leading to myopic management; most important is the presence of insecure property rights due to the marine harvest. Other factors, such as ecological and environmental uncertainties (which are not taken into account in the present analysis), are also of importance. 8 The traditional view that even a small number of spawners is sufficient to fully recruit a salmon river may play a role as well. Such myopic behaviour seems to be in accordance with the stylized facts management situation in the Norwegian salmon river fishery (Skonhoft and Logstein 2003) and implies that exploitation takes place under a kind of unregulated common property rights structure (see Bromley 1991 for an excellent treatment). This is the same resource management scheme studied in numerous papers (e.g., Brander and Taylor 1998). Myopic exploitation is studied both under the price-taking and monopolistic landowner assumption and is, as mentioned, compared with the long-term planning of an overall river manager.
Price-Taking Landowner
First, we look at the situation where fishing permits are supplied under price-taking behaviour, for example because there are many rivers located in the fjord. When also supplying fishing permits under myopic conditions, the landowner maximizes the current profit [equation (5)] with respect to the number of fishing permits, while taking the price as well as the stock as given. The first-order condition is:
This condition defines the function D t = D P (X t ) (superscript P is for price-taking behaviour). When inserted into the population dynamic equation (1)
. This is a first-order non-linear difference equation that, in principle, may exhibit all types of dynamics (see the classical May 1976). Therefore, the present myopic management scheme does not automatically secure any long-term equilibrium or steady state. However, it is a strong demandside stabilizing effect present as demand responds to the stock size through the quality factor. On the other hand, parameters in the stock-recruitment and harvesting functions may work in a destabilizing manner (more on this below).
Supposing that a steady state exists, the first-order condition (6) represents the economic equilibrium condition P(D, v) -C′(D) = 0, and where differentiation
As the left-hand side is negative due to the second-order condition for maximum, we find this equilibrium condition, if existing, to be positively sloped in the X -D plane. In line with intuition, a higher stock size is associated with more fishing days in economic equilibrium (figure 2). Therefore, the economic equilibrium condition simply tells us that at a given price a higher fish stock means that more fishing permits are sold. Moreover, this means that the intersection with the negatively sloped biological equilibrium condition (3) represents the (unique) bioeconomic equilibrium X P , D P under the present myopic price-taking management scheme.
The total river surplus comprises the landowner profit and the angler surplus (consumer surplus). At a given point of time, as well as in the steady state, the angler surplus is given by the area under the inverse demand function for a given stock size (or the given demand-induced catch per day). A higher stock size for the same market price yields a higher angler surplus as the inverse demand function shifts up. However, because the stock is not controlled by the landowners or the anglers, X P is considered to be an externality determining the value of the angler surplus, as well as the profit (Anderson 1983 ). This will also be the case outside the bioeconomic equilibrium.
Throughout the reminder of the article, two important comparative static, as well as dynamic, effects are analysed; shifts in the marine harvest rate, h, and the catchability coefficient, q. As mentioned above, a shift in the marine harvest rate may be interpreted as changes in the restrictions imposed on the marine fishery by the State. Likewise, a shift in the catchability coefficient can be related to new gear regulations in the river fishery and where, say, a reduction in q may be due to banning of different bait types.
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It can easily be shown that a higher marine harvest rate, h, shifts the economic equilibrium condition outwards, meaning that lower effort is compatible with the same fish stock. As a higher marine harvest rate shifts the biological equilibrium in-wards (see the Population Dynamics and Biological Equilibrium section above), we find that the number of fishing permits decreases, whereas the equilibrium stock effect is generally ambiguous. If the demand response is weak, the stock will decrease with a higher marine harvest rate, h. On the other hand, if the demand response is strong; that is, the quality parameter θ has a high value, we may find that the equilibrium stock increases (more on this in the numerical example below). An increased catchability coefficient q (e.g., relaxed gear restrictions) shifts the economic equilibrium condition inwards. Again, this follows intuition, since a higher catchability increases demand through increased quality of the fishing experience (increased catch per fishing day). Hence, for a given stock size, X, increased catchability is accompanied by greater effort. As the biological equilibrium condition also shifts inwards with a higher q (see Population Dynamics and Biological Equilibrium section above), we find that the equilibrium stock (if an equilibrium exists) decreases, while the effect on the number of fishing days is ambiguous. It can be shown that the sign of this effort effect (number of fishing days) depends on the quality demand response through θ. If the demand response is strong; that is, the quality parameter θ has a high value, the possibility of a positive effort effect increases. More generally, the shift in economic equilibrium pulls in the direction of a higher effort, while the shift in biological equilibrium pulls in the other direction. In any case, we find that relaxing the gear restrictions in the recreational fishery always decreases the salmon stock, while relaxing the restrictions in the marine fishery, and thereby increasing the marine harvest rate, h, may in fact increase the stock through reduced recreational demand (see the numerical section below).
The total surplus and the surplus distribution between the landowner and the anglers will be influenced both by h and q. However, the outcomes are quite complex because of the quality effect in the demand function. If a higher marine harvest fraction is accompanied by a smaller stock, together with a lower number of fishing permits, angler surplus decreases. This may also be true for landowner profit (but not with constant marginal cost, see below). However, which components are reduced most depends on circumstances. The picture is even more complex if a higher h is accompanied by more salmon (more on this in the numerical analysis).
Monopolistic Landowner
We now study the other stylised management scheme where the landowner (i.e., the landowner association) acts as a monopolistic supplier of fishing permits. As mentioned above, there may be various reasons leading to monopolistic myopic management. The actual river is then typically located far away from other rivers, so it is possible to exercise market power. At the same time, insecure property rights due to the marine harvest activity and the traditional view that only a few spawners are required to fully recruit a salmon river, both pull in the direction of myopic behaviour and neglecting the effect on the future stock. Under monopolistic and myopic behaviour, maximizing equation (5) with respect to D t yields the first-order condition:
Equation (7) defines the function D t = D M (X t ) (superscript M is for monopolistic behaviour). Inserted into the population growth function (1), or X t+1 = F(X t , D t ), we again obtain a first-order non-linear difference equation. It is difficult to say how this difference equation behaves compared to the price-taker situation. However, as monopolistic management is more conducive to stock conservation (see below), one may suspect that fluctuations, if any, will be more modest than in the price-taking case. As explained above, such fluctuations may be due to a temporal situation of overfishing.
Supposing that a steady state exists, the first-order condition (7) yields the monopolistic economic equilibrium condition P (D, v) 
, where the term in the bracket on the left-hand side again is negative due to the second-order condition. Under the reasonable assumption that the quality effect dominates the potentially negative cross effect in the demand function, so that [P v + DP Dv ] > 0, we find that the economic equilibrium condition again is positively sloped in the X-D diagram. However, it is less positively sloped than the economic equilibrium condition under price-taking behaviour. The intuition is straightforward as a higher fish stock increases the demand for fishing permits, as in the case of the myopic pricetaking landowner. Since increasing demand is accompanied by a higher permit price in the monopolistic case, the permit sale increases less than under price-taking behaviour. Notice also that the intercepts of the first-order conditions (6) and (7) with the X-axis are the same (again, see figure 2). For these reasons, as expected, the bioeconomic equilibrium stock is higher and the number of supplied permits is lower than under price-taking behaviour; that is,
Hence, in accordance with most natural resource economic models, the monopolistic exploitation regime is more resource conserving than the price-taking regime (e.g., Hanley, Shogren, and White 1997).
While the monopolistic scheme yields more fish and less effort in bioeconomic equilibrium than the price-taking scheme, the total surplus will not necessarily be higher. The reason is that the quality effect in the demand function works like an externality (see above). Hence, higher profit may be dominated by a reduced angler surplus when moving from the myopic monopolistic scheme to the myopic pricetaking scheme (cf. the numerical results). Depending on how the demand curve shifts, it is also possible, at least in theory, that angler surplus can increase when moving to the monopolistic scheme.
The Overall River Management Solution
The above two myopic management regimes are now contrasted with the overall river management solution (hereafter referred to as overall management), where the goal of the manager is to maximize the present value overall economic benefit, comprising landowner profit and angler surplus (consumer surplus), while taking the population dynamics into account. Hence, the goal of the overall manager is to maximize:
subject to the population dynamics X t+1 = F(X t , D t ). ρ = 1/(1+δ) is the discount factor, with δ > 0 as the (yearly) discount rate.
The current value Hamiltonian of this problem reads:
, λ ξ ξ ρ λ
where λ t > 0 is the resource shadow price (see Conrad and Clark 1995) . The firstorder conditions yield: 
when assuming an interior solution (a positive supply of fishing permits at the steady state). The interpretation of control condition (8) is that fishing permits should be supplied up to the point where the licence price is equal to the marginal cost of the suppliers plus the cost of reduced stock growth, evaluated at the shadow price. Equation (9) is the portfolio condition governing the change of the resource price. Basically, it states that the biomass should be maintained so that the change in the net natural growth is equal to the (shadow) price change, adjusted for the discount factor. As the Hamiltonian is not linear in the control, we typically find that the dynamics will not be of the Most Rapid Approach Path (MRAP) (see the numerical analysis).
Suppose that a steady state exists and is reachable from X 0 . Evaluating equation (8) (9), also in the steady state, and rearranging, we obtain the discrete time golden rule condition:
at the steady state implies λ = -[P(D, v t ) -C′(D)]/ρF D (X,D). Substituting equation (8) into equation
which states that the internal rate of return of the resource should be equal to the external rate of return (1 + δ). The golden rule condition, together with the biological equilibrium condition (3), yields the overall management steady state X * and D * . This steady solution may be compared to the steady states (if existing) under myopic management. It is straightforward to demonstrate that the control condition (8) in economic equilibrium will have the same intercept with the X axis as in the price taking and monopolistic regimes because the shadow price of the stock is zero whenever there is no permit sale.
11 Furthermore, it is seen directly that it will be located further outward than the price-taking equation (6) in equilibrium, because ′ < F D 0 and λ > 0 (again, see figure 2 ). Therefore, we can conclude that the steadystate stock level will be higher and the number of fishing permits will be lower than under the myopic price-taking scheme; that is, X * > X P and D * < D P . Consequently, the fishing permit price following myopic price-taking management will always be below the overall management solution. Comparing with the monopolistic myopic solution (7) indicates that the overall management solution, depending on the difference (P D D -ρλF D ), will be located between the price-taking solution and the monopolistic solution if |P D D| > |ρλF D | and further outwards than the myopic monopolistic solution if |P D D| < |ρλF D |. The intuition is clear as a high discount factor; i.e., a low discount rate and a high shadow price of the stock both pull in the direc-tion of the overall management being more stock conserving than the myopic monopolistic regime. On the other hand, a low discount factor or a low shadow price of the stock pulls the overall management in the direction of the outcome of the myopic price taking management scheme.
According to the discussion above, it is not possible to infer anything definite about the distribution of benefits between the anglers and landowners. The total current surplus in the myopic equilibria may be above that of the overall management equilibrium solution due to discounting. 12 It can be shown that a higher periodic discount rate will increase the slope of the control condition (8) in equilibrium. Consequently, as discussed above, the steady state of the overall management solution approaches the price-taking myopic management solution. In the limiting case of δ = ∞, we find that the overall management solution coincides with the equilibrium price-taker myopic management situation. The steady-state total surplus and the distribution of the surplus are then equal in these regimes. On the other hand, when δ = 0, the steady state of the overall management solution coincides with the problem of total current surplus maximization in biological equilibrium. 13 In this case, the total current surplus is obviously higher than under the myopic price-taking scheme. However, for intermediate values of the discount rate, the total current surplus may be higher in the price taking case due to discounting. This may also be so when comparing the overall management with the myopic monopolistic scheme.
Numerical Analysis and Results
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Data and Specific Functional Forms
The above analysis will now be illustrated numerically with data from the river Imsa. This is a typically small, but productive, salmon river located on the southwestern coast of Norway (for details, see Hansen, Jonsson, and Jonsson 1996) . We start by specifying the functional forms. The stock-recruitment function is given as the Cushing curve version of the Shepherd function (Shepherd 1982; King 1995) :
where (1 -qD t )(1 -h)σX t is the spawning biomass (see Population Dynamics and Biological Equilibrium section above), r > 0 is the intrinsic growth rate interpreted as the maximum number of recruits per spawning salmon, and K > 0 is the stock level for which density-dependent mortality equals density-independent mortality. The compensation parameter, γ > 0, indicates to what extent density independent effects compensate for changes in stock size. The parameter values are estimated by 12 However, the present-value total surplus is obviously higher under the overall management than the present-value total surplus of the myopic solutions for the same time period and discount rate. 13 These results are the same as we find in the standard Clark harvesting model (see Munro and Scott 1985) , except that the infinite discount rate yields the so-called open-access solution, while here it applies to the slightly different regime of myopic price taking exploitation (cf. also footnote 8).
14 The dynamic optimization was performed with the Solver tool bundled with Microsoft Excel. The code is made available under Numerical analysis fisheries management -Salmon management at www.svt.ntnu.no/iso/Anders.Skonhoft/default.htm Hansen, Jonsson, and Jonsson (1996) for Imsa and are reported in the table 1 (see also Appendix). Here, it can be seen that we have γ < 1 and the density-dependent effect is weak. Consequently, as already indicated, the stock-recruitment function (11) is increasing for all levels of the spawning population, R′ > 0. The inverse demand function is specified as linear. In addition, it is assumed that the quality of the river, approximated by demand induced catch per day, V t = θq(1 -h)σX t , shifts the demand uniformly up:
Accordingly, the choke price, α, gives the maximum willingness to pay when the quality-translated catch is one fish per day, whereas β reflects the price response in a standard manner. The cost function is linear as well:
so that c 0 is the fixed cost, while c is the constant marginal cost of providing a fishing permit (see Demand and Cost Functions). Based on the above demand and cost functions, we find that the first-order condition under the myopic price taking and monopolistic schemes are av t -βD t = c and av t -2βD t = c, respectively. It is therefore a linear, increasing relationship between stock size and the number of fishing days, and the slope of the economic equilibrium condition under price taking will be two times higher than that of the monopolistic case (cf. also figure 2). The economic baseline parameter values are found in table 1 (see Appendix). 
Steady States
First, we look at the steady states. For the baseline parameter values, the steady state will be approached smoothly under all three management schemes. It can be seen in table 2 that the monopolistic myopic regime is somewhat more stock conserving than the overall management regime. As demonstrated above, the reason for this is that in order to increase profit, the monopolist reduces demand more than does the overall manager, who accounts for the future stock value. When the landowners face competition and act as price takers, the stock is substantially lower. On the contrary, and consistent with this, permit sales are higher and the license price is lower. Because of the constant marginal cost assumption, the price under the price-taking scheme just equalizes this value. In addition, under the baseline parameter values, it can be seen that the total surplus (angler and landowner surpluses) in the overall management and monopolistic cases are equal. This happens by accident, but as noted above it is possible that the steady-state total surplus in the myopic monopolistic case (as well as under price taking) can exceed the overall management surplus due to discounting (see The Overall River Management Solution). The total surplus in the myopic monopolistic case is above that of the myopic price-taking case. As explained in the Monopolistic Landowner section, the reason for this is the quality shift in the market demand function. However, the anglers are substantially better off under the myopic pricetaking scheme irrespective of the fact that the quality of the fishing experience, measured as catch per day, is lowest here. Thus, the low fishing license price more than compensates for the low quality. Note that the angler surplus is also higher under the price-taking regime than under overall management. Table 2 reports the results when the catchability coefficient increases by 20% due to relaxed gear restrictions. Stock abundance becomes substantially lower under the pricetaking scheme while stock effects are more modest in the monopolistic case and overall management case due to the increased fishing permit price. The catchability shift materializes into small changes in angler surplus, while landowner surplus increases most under overall management. Moreover, since the total surplus increases with more efficient fishing equipment, the opposite occurs when gear restrictions are imposed. Table 3 demonstrates how changes in the marine harvest rate, h, affect the steady-state river fishery, where h = 0.4 is the baseline value (see also table 2). A higher marine harvest rate through relaxed harvesting restrictions has an ambiguous stock effect under both myopic schemes, whereas the stock decreases under overall management. If the quality demand effect is strong, we obtain the somewhat para- doxical result that a higher marine harvesting pressure goes hand in hand with more fish (see Price-Taking Landowner). Note that this is the exact opposite stock effect of that obtained by relaxing the gear restrictions in the recreational fishery under the myopic schemes (see discussion above). Under overall management, on the other hand, a higher h translates consistently into a smaller stock because the stock shadow price, from a river management point of view, depends on the fish biomass entering the river. Hence, when the marine harvest rate increases, the shadow price decreases. A higher h generally reduces the surplus.
Dynamics
As mentioned in the introduction, one of the questions we want to reveal is whether type of management regime can explain any dynamic differences among different rivers; e.g., if small rivers exhibit more stock fluctuations because they are more likely to be managed in line with a price-taking scheme. For the given specific functional forms, the first-order myopic profit maximum conditions yield linear relationships between the number of fishing days and the stock. We have c] in the monopolistic case. Therefore, these equations, combined with the population growth function (1), or X t+1 = F(X t , D t ) and the stock-recruitment function (11), yield the first-order non-linear difference stock equations under the myopic schemes to be studied here.
Figures 3a and b demonstrate the dynamics for the baseline parameterization of these myopic schemes, while figure 3c shows the overall management solution. The initial stock size is assumed to be quite modest (X 0 = 50), so these transitional growth paths demonstrate recovery from a previous situation involving serious overfishing, or possible deceases. 15 The steady states are reached rapidly, with negligible overshooting, and the dynamics are quite similar under all three management scenarios. The same dynamic pattern is found when starting out with other initial values; e.g., with an initial stock that is very high. Hence, the dynamics is of the ergodic type, leading to the unique steady states. Based on the examination of different initial values, the overall management solution does not seem to be substantially different from the MRAP (see The Overall River Management Solution). As mentioned, the basic stabilizing factor when the stock is low is the quality factor in demand; that is, a low stock is accompanied by a modest demand and the stock rebuilds smoothly. In the same manner, the quality factor is also stabilizing when the stock is high, as a high stock is accompanied by a high demand that ultimately drives the stock down. 16 Although the steady states under myopic management seem to be quite stable given the baseline parameter values, other ecological and economic conditions may produce instability. We find that relaxing the gear restrictions and thereby increasing the recreational fishery catchability coefficient, q, may induce all types of dynamics. For example, the dynamics will exhibit a two-point cycle pattern (see Conrad and Clark 1995) if q increases by 35% (see figure 4a) . Furthermore, if q increases by 15 Outbreaks of Gyrodactylus salaris, Furunculosis, or sea lice infections are examples of such incidences (NOU 1999). 16 One interesting expansion of the model would be to include congestion demand effects. The resulting dynamic outcome is potentially ambiguous. On the one hand, the demand effect of a stock change will be reduced, possibly leading to larger stock fluctuations. On the other hand, ceteris paribus, the possibility of demand driven stock changes will occur is reduced since demand is more stable with congestion effects present. 50%, the dynamics will be of the chaotic type. Such shifts will not produce cycles in the monopolistic case, but will result in an initial overshooting (not shown). To what extent these sensitivity results are realistic is an open question. To our knowledge, there exist no such increases in efficiency that can provide empirical evidence of such dramatic occurrences. In addition, as congestion effects are neglected in our model, the dynamic responses may be both more and less dramatic as discussed above. 17 We have also studied the dynamics when the marine harvesting pressure changes. Under myopic price-taking behaviour by landowners, it turns out that lower marine harvest activity may produce instability. If gear restrictions reduce the marine harvest pressure from the baseline level of 0.4 to 0.2, the stock exhibits damped oscillations (figure 4b). If h shifts further down to just 0.1, the dynamics will be of the two-point cycle type. An even further reduction to zero, interpreted as a marine harvesting ban, leads to a chaotic pattern. Thus, the initial value of the stock is crucial for the dynamics. The reason why low marine harvest rates work in 17 Note also that the dynamic presented here is contingent upon the linear relationship between fishing days and harvest as discussed above. Hence, a modification of the linearity may reduce the effect of gear restrictions.
the direction of instability is that as the marine harvest rate decreases, more salmon enter the river and produce an upward shift in the market demand function through the quality effect. Hence, at least in the initial stage, the effect is an upward shift in demand due to an increased willingness to pay.
Concluding Remarks
Models are only approximations of how we conceive reality, and they are only as good as the assumptions they are based on. This article examines two myopic management regimes in a recreational river fishery and contrasts these with the overall river management solution. The myopic assumption may seem extreme, but, on the other hand, accepting that landowner management schemes may be more shortsighted than the overall planner's solution is relatively straightforward. The potential effects of this difference are highlighted by our model, although it should be recognised that the real-life situation may be somewhere between these extremes. The management schemes are evaluated in terms of profitability, angler surplus, effort use, license price, and stock size. The marine harvesting activity is exogenous throughout the analysis. Both the steady states and dynamic paths are examined. It is generally unclear how the various harvesting schemes distribute total surplus between anglers and landowners. This hinges critically on the uncertain stock and effort effects under the different management scenarios.
It has traditionally been argued that the recreational fishery is of minor importance to the wild Atlantic salmon stock abundance because the escapement needed to ensure recruitment is quite low (see introduction). Thus, NASCO (2004) regards low marine survival as the crucial factor determining the decreasing wild stock. We offer an alternative explanation, as we have shown that even with a constant marine survival, large stock variations and fluctuations may be due to type of river management. Moreover, we demonstrate that an increased marine harvesting activity may, in fact, be stock conserving under myopic management.
The analysis indicates some policy and regulation implications. First, measures taken to reduce the marine harvesting activity may produce unclear stock effects as well as large stock fluctuations. The crucial factor here is how strong the demand quality effect is. As seen, this hinges critically on the type of management scheme in the river. In the myopic case, we find that a reduced marine harvest rate may go hand in hand with a reduced stock. Imposing gear restrictions in the river generally increases the stock and decreases total surplus, but this may also lead to reduced stock fluctuations over time. Thus, imposing gear restrictions in the recreational fishery may have the exact opposite stock effects of imposing restrictions on the marine harvest, both with respect to the sign of the effect and dynamic properties. One additional straightforward measure to reduce fluctuations under price-taking myopic management is to impose a tax equal to the shadow price of the stock. This would ensure stock and effort levels equivalent to those under overall management.
